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Abstract 

If the supersymmetry (SUSY) is a solution to the hierarchy problem, it is puz- 
zling that any SUSY particle has not been discovered yet. We show that there is 
a low-scale conformal gauge mediation model which contains all necessary ingredi- 
ents, i.e. not only a SUSY-breaking dynamics and a gauge mediation mechanism, 
but also a candidate for the dark matter. The model has only one free parameter, 
that is, the mass for messengers. In this model, the dark matter is provided by a 
composite particle in the SUSY-breaking sector, and the observed value of the dark 
matter density uniquely fixes the mass of messengers at the order of 10 2 TeV. Then, 
the sfermion and gaugino masses are fixed to be of order 10 2 ~ 10 3 GeV without 
any arbitrariness, thus the SUSY particles are expected not to be discovered at the 
Tevatron or LEP, while having a discovery possibility at the LHC. 



1 Introduction 



If the supersymmetry (SUSY) is a solution to the so-called hierarchy problem between 
the electroweak and the grand unified theory (GUT) scales, it is very much puzzling that 
the SUSY has not been discovered, yet. Thus, we need an answer to the question why it 
has not been discovered. We discuss that a conformal gauge mediation pQ based on the 
recently discovered SUSY breaking mechanism [2] has only one free parameter. This free 
parameter is, however, determined if a composite particle in the SUSY-breaking hidden 
sector is the dominant component of the dark matter (DM) in the universe. Therefore, the 
model does not have any free parameter in determining the sfermion and gaugino masses 
of the minimal SUSY standard model (MSSM), and hence it may provide an answer to 
the question. 

Let us first consider the gravity mediation. The lightest SUSY particle (LSP) can 
be the DM in the universe. We see that there are large parameter regions (with light 
squarks and sleptons of masses 10~100 GeV) consistent with both the electroweak sym- 
metry breaking and the observed density of DM (3J. Thus, it seems hopeless to explain 
undiscovery of the SUSY particles at Tevatron or LEP experiments. In the anomaly me- 
diation, the wino is most likely the DM. If it is the case and if the winos were in the 
thermal bath in the early universe, the wino mass should be about 3 TeV to explain the 
DM density [I]. Then, we can explain why the SUSY has not been discovered, yet, since 
all the masses of SUSY particles are above 3 TeV. However, the above argument has a 
loophole. That is, even the light wino of mass say 10 GeV can be the dominant DM if 
it is produced by gravitino decays and the reheating temperature is Tr ~ 10 11 GeV [5]. 
Thus, we can not, again, answer to the above question. 

Now we discuss the gauge mediation [6] [7] . There are mainly two possible candidates 
for the DM in gauge mediation models. One is the gravitino, and the other is a stable 
particle in the SUSY-breaking/messenger sector [8] EJ [TO] [TT] [TJl 115] ■ In the case of the 
gravitino DM, the DM (gravitino) density in the present universe depends on the reheating 
temperature Tr and hence we can not determined the SUSY-breaking scale. 

In the case of the SUSY-breaking/messenger sector DM, the mass of the DM may be 
determined if the hidden sector is strongly coupled [8] [10] [13] and the annihilation cross 
section of the DM is saturated by the unitarity bound [14J. Thus, one may determine the 
SUSY-breaking scale or the messenger scale depending on whether the DM is provided by 
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the SUSY breaking sector or the messenger sector. However, the other mass scale of the 
messenger/SUSY-breaking sector which does not contain the DM is still undetermined 
and hence the masses of the MSSM particles are free parameters and can be in the range 
of 10 ~ 100 GeV. Therefore, we have no reason why squarks and sleptons, for example, 
have not been discovered at Tevatron or LEP experiments. 

Interestingly, however, there is a class of gauge mediation models, called as conformal 
gauge mediation [15] . where the SUSY-breaking scale is strongly linked to the messenger 
masses. In those models, all dimensionless parameters in the hidden sector are uniquely 
fixed at the infrared conformal fixed points, and the models are strongly coupled in phe- 
nomenologically interesting ways. Those models have only one free parameter, that is the 
messenger mass, and if the hidden sector provides a DM candidate, the messenger mass 
can be fixed by the requirement that the DM density be consistent with the observed 
value. Thus, there is no arbitrariness in determining the sfermion and gaugino masses 
in the MSSM, and we find that they are too heavy to be observed at Tevatron or LEP 
experiments. Therefore, those models may provide an answer to the above question 0. 
We should stress that the predicted masses for SUSY particles are in the region accessible 
to LHC experiments. 

2 Merits of strongly coupled one-parameter models 

Let us consider general strongly coupled models which have only one mass scale A as a 
free parameter. Properties of such models may be analyzed by using a naive dimensional 
analysis [16J. In the naive dimensional analysis, the effective Lagrangian in the models 
with some fields <fi is estimated as 

£~1a 4 £(0/A,^0/A 2 ,---), (1) 
9 s 

where g s ~ 4n represents strong coupling of the model, and £ is a dimensionless function 
with 0(1) coefficients. We neglect factors of color or flavor numbers N in this section for 
simplicity. After rescaling <f>/g 3 — > <f) so that the kinetic terms are canonically normalized, 
one can see that the masses of particles are of order A, Yukawa couplings are of order g s , 
and the vacuum energy (in a global SUSY limit) is estimated as V ~ A 4 /gj?. The DM 

1 We do not claim that the so-called little hierarchy problem is solved, but only try to explain the 
undiscovery of SUSY particles up to the energy scale 10 ~ 100 GeV. 
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mass if it exists is estimated as 

m DM ~ A. (2) 

If the models are used for gauge mediation, then the sfermion and gaugino masses are of 
order 

-^gaugino ~ ^sfermion ~ ~TT, n^-i (3) 

107T Z 

where gsM collectively denote the standard model (SM) gauge coupling constants. This 
may be determined so that these sparticle masses would become of order A if the SM 
gauge couplings gsM were of order Arc, and the power of gsu is known from the general 
gauge mediation [IT] . The gravitino mass is of order 

m 3/2 ~ — — , 4 

Mpi g s Mpi 

where Mpi ~ 2.4 x 10 18 GeV is the reduced Planck scale. 

It is known [2] that the thermal relic abundance of the strongly coupled DM becomes 
of order Vlh 2 ~ 0.1 if the DM mass is of order m DM ~ 0(100) TeV. From Eqs. (I2I5E1) . 
we obtain the sparticle masses of order 

M gaugino ~ m sfermion ~ C(10 2 ~ 10 3 ) GeV, (5) 
m 3/2 ~ 0(1) eV. (6) 

As discussed in the introduction, if the sfermions and gauginos in the MSSM have masses 
of order O(10 2 ~ 10 3 ) GeV, they are not neccesarily discovered at the Tevatron or LEP. 
Furthermore, the gravitino mass is very light. A gravitino mass less than 16 eV is fa- 
vored [H] , because otherwise the model suffers from severe cosmological problems caused 
by the gravitino. Thus, the strongly coupled one-parameter models give the desired order 
of masses for all relevant particles, i.e. the DM, the sfermions, the gauginos, and the 
gravitino. 

There are several models of strongly coupled hidden sector with the above mass spec- 
trum [8j[T0j[T3]. These models are phenomenologically successful, but they have messenger 
mass scales and SUSY breaking scales as independent parameters, unfortunately. Then, 
one has to tune those mass scales by hand to achieve the above scenario, so we encounter 
a fine-tuning problem in the hidden sector 



2 In many models of non-minimal gauge mediation, the fine-tuning is also required to avoid a splitting 
between the sfermion masses and the gaugino masses. See e.g. Refs. [TH], [2D] and references therein. 
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Conformal gauge mediation [15J addresses the above problem by linking the messenger 
mass to the SUSY-breaking scale. In this scenario, the models are on strongly coupled 
infrared conformal fixed points above the mass of the messengers. After the decoupling 
of the messenger fields, the hidden-sector gauge coupling becomes strong and then the 
SUSY is dynamically broken. If the infrared fixed point is very strongly coupled, the 
hidden-sector gauge coupling blows up quickly after the decoupling of the messengers, 
so the messenger mass and the SUSY breaking scale is almost the same. Thus, the 
scenario discussed in this section works naturally in the strongly coupled conformal gauge 
mediation. 

If the mass of the messengers were generated by confining dynamics of gauge theory, 
the above models would really be a theoretically and phenomenologically excellent realiza- 
tion of dynamical SUSY breaking and direct gauge mediation envisioned in Refs. [2Tj [22] . 
Unfortunately, we have to put the messenger mass by hand in the conformal gauge me- 
diation. However, it may be possible to retrofit the models [23] so that the messenger 
mass is generated dynamically (by using gaugino condensation or something). Then the 
models may become fully satisfactory ones. In this paper we do not attempt to find a 
model for messenger mass generation, but simply assume its existence. 



3 Model 

3.1 Conformal gauge mediation 

In this subsection, we review the strongly coupled conformal gauge mediation model [T] 
which is based on the recently discovered dynamical SUSY-breaking mechanism [2J. We 
consider a SUSY SU(N C ) gauge theory with Nq vector-like pairs of quarks Q l and anti- 
quarks Qj = 1, • • • ,Nq). They belong to fundamental and anti-fundamental repre- 
sentations of the SU(Nc), respectively. Here, we have omitted the SU(Nc) color indices. 
We introduce Nq x Nq gauge singlet chiral multiplets S t j. We choose Nq < N c , then we 
have a runaway type of dynamical superpotential at low energies [21]. In addition to the 



above fields we introduce Np flavors of massive quarks P a and P a which transform also as 
fundamental and anti-fundamental representations of the hidden gauge group SU(Nc), 
respectively. Here, a — 1, • • • , Np. The tree level superpotential of the model is given by 

W = X&itfQi + m P P a P a . (7) 
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The massive quarks play two roles. One is to stop the runaway of the potential and 
generate SUSY breaking vacua [2] and the other is to act as messengers of the SUSY 
breaking [lj. For the latter purpose we take N P = 5 and embed the GUT S77(5)gut 
into the flavor symmetry SU(Np) acting on P and P. We see that our model belongs 
to so-called semi-direct gauge mediation [251 EH] . For the former purpose we restrict our 
discussion to a conformal window \Nc < Nq + N P < 3N C of the model [2Z1 EE]- We 
assume that the model is nearly on the infrared fixed point at the scale above the threshold 
of the massive quarks P, P. The reason why we consider the conformal theory becomes 
clear below. 

The above superpotential has a flavor symmetry SU(Nq)l x SU(Nq)r which acts on 
the indices % and j, respectively. However, we do not impose this flavor symmetry on 
the model. The form of the superpotential W ~ SQQ + PP may be ensured by some 
discrete R symmetry as we will see later, and then the common Yukawa coupling A in 
the superpotential Eq. ((7]) may be achieved approximately by the infrared stability of the 
fixed point [29J. 

Let us discuss the dynamics of the SUSY breaking in the present model. The details 
can be found in Refs. [21 [1] and we give only a rough sketch here. At the classical level, the 
moduli space of the model is spanned by the vacuum expectation value (vev) of S 3 i , since 
the equations of motion make the vevs of quarks Q, Q, P and P to be zero. For simplicity, 
let us consider the direction S\ = S6\. Then, the vev of S gives masses to the quarks 
Q, Q. After integrating out all the quarks, we obtain a dynamical superpotential [211 122] 



This is a runaway superpotential when Nq < Nc- On the other hand, above the mass 
scale of the quarks P, P, the model becomes a super conformal theory [23 I2H] • Then, the 
superconformal symmetry (which is spontaneously broken by the vev of S) indicates that 
the low energy effective Kahler potential is given by 



where A 5 is the scaling dimension of S at the fixed point, and dots denote terms depending 
onmp, the explicit breaking of superconformal symmetry, which are negligible in the limit 
mp/S — > 0. Note that the above Kahler potential has a scaling dimension 2 due to the 
power 1/Ag. Using the effective Kahler potential Eq. ([9]) and the superpotential Eq. (JH]), 




(8) 



(9) 
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we obtain the potential of S as, 

Ag-l , N Q 

V ~(S*S) A s (10) 

Thus, if As > Nq/Nq, the potential is an increasing function of S in the large vev region 
and the runaway is stopped. 

The above argument breaks down when the vev of S becomes so small that the mass 
mp is not negligible. In this region, the model becomes non-calculable, but the SUSY 
breaking has been established [2J[1]- Furthermore, there are some indirect discussions pQ 
that the vev of F-term of S, (Fs), is nonzero if the Seiberg dual of this model [28] is not 
weakly coupled. Also, there is no strong reason that the vev of the lowest component 
of S (which we denote by the same symbol as the chiral field itself) is zero. Therefore 
we assume (S) ^ in this paper B However, as emphasized in Ref. pQ, the assumption 
(S) 7^ is not essential in the present model, and is made only for simplicity of the 
following discussions. 

Let us now discuss the gauge mediation. As mentioned above, we gauge the flavor 
symmetry SU(Np) of the quarks P,P by S77(5)gut- Then, these quarks play a role of 
the messenger fields. Because of the strong dynamics, the calculation of mass spectrum 
of the MSSM particles is very difficult, so we use an effective operator analysis [15]. From 
a simple loop counting one can check that the lowest dimensional operator generating the 
sfermion masses may be estimated as 

c$r*» ~ ^sm)^ ( J^) 2 (^!r)7 d*etr[(\sn\s)]4 M(f > SM (11) 

where 0sm is an MSSM chiral field, gsM is the MSSM gauge coupling, is the hidden 
sector gauge coupling, and C(0 SM ) is the quadratic Casimir invariant of 0sm- We have 
neglected the Dynkin index of the SM gauge group. The lowest dimensional operator 

3 More comments should be made on this point. If the model is weakly coupled in the dual magnetic 
theory, then the model has an ISS-like SUSY breaking vacuum [TJ [30] . Then, one can show that (Fs) = 
and also (S) = 0. One reason that we have (S) = in the weakly coupled dual magnetic theory is 
that this point is an R-symmetry enhancement point. It is often the case that a vacuum is at such a 
symmetry-enhancement point, since a derivative of the potential with respect to a charged field is zero 
at such a symmetric point. On the other hand, if the electric theory is weakly coupled, one can expect 
Fs 7^ PQ. Then the continuous R-symmetry of the model is already broken by Fs since Fs has a 
non-vanishing R-charge. Then there remains a discrete R symmetry, and the problem is whether this 
discrete R symmetry is spontaneously broken or not. 
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generating the gaugino masses may be estimated as 

£ eff USin ° ~ r^je Qfjs) J d 4 9tT[(\Sy(\S)(\SyD 2 (\S)]W SM W SM (12) 

where Wsm is an MSSM gauge field strength chiral field, and t is a loop number to 
generate the operator which, according to Ref. [15], is 4. □ The model is very strongly 
coupled [T], then using the rules of naive dimensional analysis [16] with factors of iV's 
included (and assuming Nc, Nq and Np are all of the same order, say N), we may have 
\mp\ ~ A, NcgfJlQn 2 ~ 1, and XS^ ~ (A + A 2 9 2 )5 1 i . Then we obtain a very crude 
estimate for the sparticle masses, 

™L mi on ~ C(4> SM ) (j^j 2 NA 2 , m gaugino ~ (J^J NA. (13) 

Finally, we comment on the color and flavor numbers Nc, Nq and Np (details can 
be found in Ref. [T]). As discussed above, we take N P = 5 to identify P,P as the 
5 + 5 messenger fields. Then, we take Nc < 4 to avoid the Landau pole problem of the 
SM gauge coupling [31], [32] and Nq < Nq for the SUSY breaking mechanism to work. 
These requirements lead to (Nc, Nq, Np) = (4, 3, 5) uniquely. In this case, the coupling 
constants of the infrared fixed point are very large and hence the dynamical scale is 
the same order as the messenger mass. We restrict the following discussion to the case 
(Nc, Nq, Np) = (4, 3, 5). 

3.2 Dark matter 

In the model discussed above, we have some global symmetries. Most of them can be 
broken explicitly by adding interactions other than the ones in Eq. ([7]). However, there 
is a U(l) symmetry which is difficult to be broken explicitly [10]. The U(l) symmetry, 
which we call U(l)h, is defined by the charge assignment, 

Q,P:+1, Q, P : -1, (14) 

and charge to all other fields (including the MSSM fields). It is easy see that we have 
to contract SU (Nq = 4) gauge indices by using the totally anti-symmetric tensor of this 
gauge group to write down an gauge invariant operator which have nonzero U(l)h charge. 

4 Whatever the value of £ is, one may write down a planar diagram so as to avoid 1/iV suppressions. 
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For example, we need at least four quarks among Q and P to write down a gauge invariant 
chiral field with positive U(l)h charge. However, because there are only Nq = 3 flavors of 
quarks Q, and because P quarks transform as 5 under S77(5)gut5 we cannot write down 
a gauge invariant chiral field which have mass dimension 4. Thus, to break U(l)h in a 
superpotential, we need dimension 6 or higher operators such as 



where 5 m denotes the MSSM quarks and leptons in 5 representation of the S77(5)gut , 
and Muv is some cutoff scale such as the GUT or the Planck scale. To break U(l)h in a 
Kahler potential, we need dimension 6 or higher operators as, e.g. 



We can identify the lightest S77(4) gauge invariant composite state charged under U(l)h 
as the DM, and this DM can be sufficiently long lived if Muv is around the GUT or 
Planck scale [TO] . However, the neutrality of the DM under the SM gauge interactions is 
not automatic in the present model. If the DM candidate is composed only of Q and Q, 
it is certainly neutral and a good candidate for the DM, but it is not easy to prove that 
it is the case. Because the calculation of the mass spectrum of the hidden sector particles 
is almost impossible, we simply assume the neutrality of the DM in this paper. 

The annihilation cross section of the DM is close to the unitarity bound, since the 
DM is a bound state of strongly coupled confining force. As explained in section |2] the 
dynamical scale A is required as A ~ 0(100) TeV to reproduce the observed value of the 
DM mass density [T4"] . 

If we do not introduce other interactions, there are vector U(l) symmetries conserved 
separately for Q, Q and P, P. Because P, P are charged under the SM gauge group, 
we do not want the U(l)p symmetry which acts on P,P to be conserved. To break 
U(l)p without affecting the low-energy physics, we may introduce couplings such as 
W ~ QPIOm^m/Muv, where 10m is the MSSM matter field in the 10 representa- 
tion of S77(5)gut- Then the lifetime of P is estimated to be of order O(10~ e ) sec for 
Muv ~ 10 16 GeV, and may decay before the period of the Big Bang Nucleosynthesis. 




(15) 




(16) 
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4 Other issues of the model 



4.1 [JrBp 

There are many attempts to solve the so-called fi problem in gauge mediation. In this sub- 
section we present a possible solution to the problem, though it is not a strict requirement 
on the model. 

We can write down the following couplings between the hidden sector fields and the 
up and down type Higgs fields: 

WW = {X s ) i ~.s' j i H u H d + (X u ) i Q i P 2 H u + (X d yQ-P 2 H d , (17) 

where P 2 is the "2 messengers" transforming as 2i under the decomposition 5 — > 3_± + 2i 
of the representation of S77(5)gut, and similarly for P 2 . The first term generates [i and 
as 

H ~ \ s (S) , ~ \ s (F s ) , (18) 

with the vevs given as 

(S) ~ <ft> ~ £ (19) 

The second and third terms may generate [i and B„ at the one-loop level [33] 



A* - 7^ A > M ~ loTr 2 " ' (20) 



Here A ~ mp is the dynamical scale of the model. See Ref. [34J for a general discussion 
on the type of couplings Eq. (IT7|) . Here we have used the naive dimensional analysis (with 
the factors of N neglected). 

We assume that A u , A^ and A s are not so large as to affect the infrared fixed point. 
Then, the renormalization group equations at the fixed point show that these couplings 
run in the renormalization group as 



A s |a ~ ^ S ' M *' ^{M}U ~ \W) \u,d}\M^ (21) 

where M* is the scale at which the theory enters into the infrared fixed point, and 7s, 7q 
and 7p are the anomalous dimensions of S, Q, Q and P, P at the fixed point, respectively. 
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The subscripts |a and \m* mean that the couplings are evaluated at the energy scale A and 
M*, respectively. The values of the anomalous dimensions are given by 75 ~ 0.70, 7q ~ 
— 0.35,7p ~ —0.59 as shown in Ref. [I]. Thus it is natural that X s is much smaller than 
X u and Xd at the energy scale A, and the tree-level contribution Eq. f JT8|) may not be too 
large compared with the one- loop suppressed contribution Eq. ( 1201 . 

All of the equations (|18l) . ( IT9l) and ( )20l) suggest that the ratio of \x and is of order 

Bjn ~ A, (22) 

with A ~ (9(100) TeV. Thus, a/S^ is much larger than \i. This is the famous (jl-B^ 
problem [33J. However, it has been pointed out in Ref. [35] that such a large is 
not necessarily inconsistent with the electroweak symmetry breaking conditions. The 
electroweak conditions are given by 

m| m 2 Hu t&n 2 f3 - m 2 Hd 2tan/3 2|B„| 

2 ~ M tan 2 /3-l ' tan 2 /3+l 2|/i| 2 + m\ u + m 2 ^ ' 1 j 

These conditions can be satisfied if the mass parameters satisfy the following hierarchy, 

H 2 H™Id < 1^1 < ( 24 ) 

Then, Eq. ( )23|) can be solved (in the limit tan 2 /3 ^> 1) roughly as tan/3 ~ m^ d /|i? M | and 
m|/2 ~ — I /x 1 2 — rrijj + rn 2 Hd / tan 2 0. The second and third terms in Eq. (TlT)) may give a 
contribution to the Higgs soft masses of order 



<. - SA, < rf ~ SA, (25) 



I \ 12 1 \ 12 

11 a 2 2 A d 

in addition to the gauge-mediation contribution Eq. f TTH]) . Then, the hierarchy Eq, 
may be achieved for a large value of and a small value of X u . Note that in our model 
such a large value of Xd is not unnatural due to the renormalization group effect Eq. (T5T 
while we have to require a somehow small value (or even zero) for X u at the UV scale l 

4.2 Discrete R symmetry 

There are many motivations to introduce discrete R symmetry [3l)| I3"T] . 



5 To avoid a CP violation, it is perhaps necessary that one of the parameters A u or X s is negligibly 
small. Then, we can rotate the phases of the Higgs fields to get real Yukawa couplings for and either 
A u or X s . The phases of the hidden sector parameters can also be rotated away by phase rotations of the 
hidden sector fields, so all the MSSM parameters can be taken real without loss of generality. 
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1. Discrete R symmetry is needed to ensure the SUSY breaking. In the case of our 
model, there are gauge singlet fields S 3 ^ and the couplings of these fields cannot 
be restricted by gauge symmetries. For the present SUSY breaking model to be 
successful, we need a specific form of the superpotential W ~ SQQ + PP in Eq. ([7]). 
Such a structure may be ensured by imposing a discrete R symmetry on the model. 

2. In the previous subsection, we have discussed a dynamical generation of fi and 
terms. However, to really solve the /z problem, we should forbid a tree level contri- 
bution to the n term, which may in principle be of order Muv- 

3. The R parity in the MSSM is used to forbid dimension 4 proton decay interactions. 
However, there are dimension 5 operators which may be quite dangerous for the 
proton decay problem, and cannot be forbidden by only the R parity. 

4. To cancel the cosmological constant, the expectation value of the superpotential 
must be of order (W) ~ m 3 / 2 Mp;, which is much smaller than Mfj V . To forbid the 
contribution of order Mfj V by some symmetry, it should be an R symmetry, since 
the superpotential is neutral under any non-R symmetries. However, if the R is a 
continuous symmetry, it predicts a too small vev of the superpotential [38J. 

In this paper we do not discuss the issue of the cosmological constant problem, and 
only consider the first three motivations stated above. In Table (TJ we show an example 
of discrete R symmetry Zq_r which can be imposed on our model. We have required 
that the superpotentials Eq. <£7§, ( ITT)) and all the Yukawa couplings in the MSSM are 
allowed by the symmetry. As to the anomalies, we have required that the anomalies 
[5 , [/(2)l] 2 Z 6 ^, [SU(3)c} 2 ^6R and [SU(4:)} 2 Zqr are cancelled. Anomaly cancellation is not 
a necessary condition, because there may be some fields which contribute to the anomaly 
and get masses from the spontaneous breaking of the discrete R symmetry (see [36j |37] 
and references therein). However, in low-scale gauge mediation with many messenger 





5a/ 


10m 


H u 


H d 


S 


Q 


Q 


p,p 


charge (mod 6) 


3 


-1 


-2 





-2 


3 


l 


l 



Table 1: An example of discrete R symmetry. 5m and 10m are the MSSM baryons and 
leptons written in the «S'?7(5)gut representations. The symmetry group is Z 6 , and the 
table shows the charge assignment which is defined mod 6. The Z 2 subgroup of this Z 6 
group can be seen as the usual R parity extended to the hidden sector. 
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fields, we do not want to have too many fields charged under the SM gauge group because 
of the Landau pole problem. Thus, it is desirable that the SM gauge group anomalies are 
cancelled within the MSSM+messenger sector. 

In the hidden sector, forbids all the unwanted renormalizable interactions other 
than a mass term of S, rrisS 2 . We simply assume that ms is much smaller than nip so 
that this term does not affect the SUSY breaking. Note that if ms and mp are the same 
order at the UV scale, then C mp is naturally achieved by the renormalization group 
effect in the hidden sector. In the MSSM sector, a tree level \i term is forbidden by Z 6 #. 
The dimension 5 operators respecting the usual R parity (which is the Z 2 subgroup of 
Z 6R ) are given by 



where we have defined 5' H = (0, H u ) and 5' H = (0, Ha). Among them, only the first term 
in Eq. ( 126]) (which gives masses to neutrinos) is allowed by the Z 6 j? symmetry, and the 
second term in Eq. ( 126]) (which is a dangerous dimension 5 operator for the proton decay) 
is forbidden. One can also check that there are no dimension 5 baryon number violating 
operators even including the hidden sector. The coupling W ~ 5 mPQ is also not allowed 
which may be dangerous for the flavor violation. Thus, the Z e p symmetry of Table [1] is 
very attractive, but it is shown only for the purpose of illustration, and there may be 
other symmetries or mechanisms to solve the problems stated above □• 

The Zqr symmetry is broken spontaneously by the vev of S, so we should care about 
domain walls. If Z^p acts also on the constant term, it is broken at some high-energy scale 
to generate the constant term, and the domain wall may be inflated away. See Ref. [39] 
for details. 

4.3 Mass spectrum and LHC signature 

It is difficult to calculate the MSSM mass spectrum due to the strong coupling, but we 
may infer some features of the model. First, colored particles are most likely lighter in 

6 Unfortunately, the discrete R-symmetry forbids the operator W ~ QPIOm&m discussed in sub- 
section |321 Although Pi-,Pi decays to Q,Q through Eqs. (fT7|) . the decay of the quarks i"3,-P3 becomes 
somehow difficult. The decay can be induced by e.g. introducing new quarks T, T in the fundamental and 
anti-fundamental representations of SU(4), with a superpotential W ~ 5 m PT + tutTT [vtit ^ rap). 
Then, P^^P-i decay to (on-shell or off-shell) Pi,P2 and other MSSM particles. 



w 



K 



(5' H 5 M ) 2 + 10 M 10 M 10 M 5 M , 
5 / tfl0l5l + 5 , Hl0ll0i f + h.c. ) 



(26) 
(27) 
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the present model compared with in the minimal gauge mediation [15]. The mass of 
the ^3,^3 messengers, mp 3 , and the mass of the P2-.P1 messengers, mp 2 , are different in 
general. We assume that mp 3 = mp 2 at the GUT scale, but these masses run differently 
under the renormalization group. SU (3)c interactions make mp3 slightly larger than mp 2 . 
Then messenger loops involving P3,P3 are slightly suppressed. If the operators Eq. ( fTTT) 
and (I12j) give the dominant contribution to the soft masses, then the colored particle 
mass dependence on r = mp 3 /mp 2 is estimated as M g i uino oc r -6 and m squar k oc r~ l . 
See Ref. [4*0| [20] for details. However, in the present model the SUSY breaking scale is 
comparable to the messenger mass scale and higher dimensional operators could contribute 
to the soft masses, and hence the precise dependence on r is not obvious. 

Second, the gauginos may be lighter than the sfermions. At least in the case of weakly 
coupled calculable semi-direct gauge mediation models, there are numerical suppressions 
in the gaugino masses |20j. Although the present model is not calculable at all , it is 
presumable that the gauginos are somehow lighter. 

The above arguments suggest that the next-to-lightest SUSY particle (NLSP) is per- 
haps the Bino or the gluino [4*0| [20] . If the Bino is the NLSP, then the situation is very 
similar to the case studied in Ref. jH] (see also Refs. |42j,[43j), and it may be possible to 
discover SUSY events at early stages of the LHC with 7 TeV run. On the other hand, if 
the gluino is the NLSP, then the gluino pair is produced at the LHC and then decays to 
gluons and gravitinos, thus the typical SUSY signal is di-jet+missing energy. 

An R-axion may be observed at the LHC [H]. The hidden sector model has an 
approxiate continuous R symmetry with charge assignment S : |, Q, Q : — 3, P,P:1. 
This R symmetry is respected by the MSSM sector up to MSSM anomalies if either X u or 
X s is negligibly small as mentioned in subsection 14.11 If one uses the naive dimensional 
analysis, the decay constant of the R-axion is of order f a ~ A/An ~ O(10) TeV. This is 
in the region of the parameter space studied in Ref. [H], and the R-axion detection may 
be possible by searching displaced vertices in the decay of an R-axion to two muons. 
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